HE VOYAGER ULTRAVIOLET SPECtrometer (UVS)
. When referred to a common geopotential (1), the occultations of the sun and y Pegasi show similar transmission profiles at latitudes near 0? and near the light and dark poles, except for possible differences in the hydrocarbon profiles of up to one scale height. kelvins in the upper levels of the atmosphere (composed mostly of atomic and molecular hydrogen) and define the distributions of methane and acetylene in the lower levels. The ultraviolet spectrum of the sunlit hemisphere is dominated by emissions from atomic and molecular hydrogen, which are known as electroglow emissions. The energy source for these emissions is unknown, but the spectrum implies excitation by low-energy electrons (modeled with a 3-electron-volt Maxwellian energy distribution). The major energy sink for the electrons is dissociation of molecular hydrogen, producing hydrogen atoms at a rate of 1029 per second. Approximately half the atoms have energies higher than the escape energy. The high temperature of the atmosphere, the small size of Uranus, and the number density of hydrogen atoms in the thermosphere imply an extensive thermal hydrogen corona that reduces the orbital lifetime of ring particles and biases the size distribution toward larger particles. This corona is augmented by the nonthermal hydrogen atoms associated with the electroglow. An aurora near the magnetic pole in the dark hemisphere arises from excitation of molecular hydrogen at the level where its vertical column abundance is about 1020 per square centimeter with input power comparable to that of the sunlit electroglow (approximately 2 x 1011 watts). An initial estimate of the acetylene volume mixing ratio, as judged from measurements of the far ultraviolet albedo, is about 2 x 10-7 at a vertical column abundance of molecular hydrogen of 1023 per square centimeter (pressure, approximately 0.3 millibar). Carbon emissions from the Uranian atmosphere were also detected.
Data from solar and stellar occultations of Uranus indicate a temperature of about 750 kelvins in the upper levels of the atmosphere (composed mostly of atomic and molecular hydrogen) and define the distributions of methane and acetylene in the lower levels. The ultraviolet spectrum of the sunlit hemisphere is dominated by emissions from atomic and molecular hydrogen, which are known as electroglow emissions. The energy source for these emissions is unknown, but the spectrum implies excitation by low-energy electrons (modeled with a 3-electron-volt Maxwellian energy distribution). The major energy sink for the electrons is dissociation of molecular hydrogen, producing hydrogen atoms at a rate of 1029 per second. Approximately half the atoms have energies higher than the escape energy. The high temperature of the atmosphere, the small size of Uranus, and the number density of hydrogen atoms in the thermosphere imply an extensive thermal hydrogen corona that reduces the orbital lifetime of ring particles and biases the size distribution toward larger particles. This corona is augmented by the nonthermal hydrogen atoms associated with the electroglow. An aurora near the magnetic pole in the dark hemisphere arises from excitation of molecular hydrogen at the level where its vertical column abundance is about 1020 per square centimeter with input power comparable to that of the sunlit electroglow (approximately 2 x 1011 watts). An initial estimate of the acetylene volume mixing ratio, as judged from measurements of the far ultraviolet albedo, is about 2 x 10-7 at a vertical column abundance of molecular hydrogen of 1023 per square centimeter (pressure, approximately 0.3 millibar). Carbon emissions from the Uranian atmosphere were also detected. tion because starlight of wavelength less than 912 A is absorbed by interstellar H. All occultations measured absorption in the discrete transitions of the H2 Rydberg systems. This absorption is about 103 times weaker than the continuum absorption and probes lower altitudes in the strong line region of the curve of growth (panel B). The interpretation of this light curve is based on models of the band absorption, which compare favorably with measurements of interstellar H2 absorption made by the satellite OAO-3 Copernicus (3). Agreement is better than a factor of 2 for H2 column densities in the range of interest here. The model points compared with the data in Fig. 1, A and B, were computed from the altitude profiles in Fig. 2 , which include a temperature of 750 K at altitudes higher than 27,700 km. The match to the individual shapes of the light curves in Fig. 1, A and B , is evidence that the profile is accurate, but the locations of the temperature changes are not uniquely determined. A more sensitive verification of the model's temperature is that its H2 profile is consistent with the measured altitude difference between the half-light points in Fig. 1, A and B. These points represent two levels in the atmosphere having H2 densities that differ by a factor of about 2 x 104, corresponding to about ten scale heights.
The abundance of atomic hydrogen can best be inferred from absorption at wavelengths between 845 and 912 A, where H absorbs in its ionization continuum. Discrete H2 absorption in this region must be corrected for by using the H2 profile. This procedure yields an H density of 1 x 108 cm-3 at a distance of 27,930 km from Uranus center. Extrapolating this density to the orbital distance of the rings implies the existence of substantial H number densities that influence ring evolution through gas drag.
Absorption by CH4 causes the abrupt drop in transmission at approximately 25,950 km from Uranus center (Fig. 1C) . The absorption signature of C2H2 appears near this altitude as well (4). The scale heights are 30 to 35 km for CH4 (Fig. 2 Extreme ultraviolet (EUV) emission from the sunlit atmosphere. The EUV emission spectrum of Uranus' sunlit atmosphere contains particle-excited discrete and continuum radiation from H2, HI Rydberg series emission, solar reflection continuum radiation at wavelengths greater than 1500 A, and discrete features corresponding to transitions in CI and possibly other species. A spectrum obtained near the subsolar point is shown in Fig. 3 ; the only easily measurable feature in the dark atmosphere spectrum is a weak H Lyman (x line. This difference in EUV emission between sunlit and dark atmospheres is similar to what was observed at Jupiter and Saturn (7, 8). The energy deposited in the sunlit atmosphere is large, and the mechanism is unexplained (9-11) ; solar radiation appears to be required as a stimulus. The emission is more or less uniformly distributed over the sunlit hemisphere and shows no direct dependence on magnetic field strength or populations of trapped particles (11). Although there are planet-to-planet differences in the phenomenon, the energy in each case is sufficient to control the highaltitude temperature, atmospheric composition, and ionospheres of the three planets (9-11). These emissions are distinct from dayglow and aurora, and we suggest the name "electroglow" for them. A similar phenomenon has been observed at Titan, but its energy source may be precipitation from Saturn's magnetosphere (12).
Molecular and atomic hydrogen emissions. Figure 3 shows the spectrum of Uranus compared to an equatorial subsolar spectrum of Saturn. The major difference between the spectra is in the larger amount of energy longward of 1100 A in the Uranus spectrum. Approximately 80% of the particle-excited emission from Uranus is in the wavelength range longward of the H Lyman a line. These long wavelength emissions, which are not found in the spectra of Saturn Table 2 , with comparative values for Saturn. Significant aspects of the atmospheric excitation process are as follows.
1) The total production rate for H at Uranus is comparable to that at Saturn, although the energy ( ( Table 2 levels and altitudes or that there is significantly more 2] ratios. absorption in the limb spectra than in the ig. 5 peak subsolar spectra. sharply at
Other observations support the idea of an (Ru). The extended H distribution in the Uranus sysid, implies tem. Table 3 
